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CHARGED PARTICLE BEAM APPARATUS

TECHNICAL FIELD

The present invention relates to a charged particle beam
apparatus and more particularly to a charged particle beam
apparatus having a highly reliable charged particle beam
emission device.

BACKGROUND ART

In general, an electron beam emission device for an
electron microscope is largely divided into a device that
emits an electron beam generated from an electron gun onto
the sample, and a device that emits the electron beam
generated from the electron gun that is further accelerated by
an accelerating tube onto the sample. The former is mainly
applied to a scanning electron microscope that does not
require large electron energy, and the latter is mainly applied
to a transmission electron microscope that requires large
electron energy.

Since the transmission electron microscope uses a high
voltage of 100 kV or more, a highly reliable insulating
structure that does not cause dielectric breakdown is
required.

Examples of the electron beam emission device using the
accelerating tube include an electron gun disclosed in PTL
1. In PTL 1, cooling of the electron gun is achieved by
circulating insulating gas in a highly reliable insulating
structure having a shield in an insulating gas space.

Structurally, the electron gun has protrusions, and an
electric field is high at tips of the protrusions, and thus the
dielectric breakdown due to discharge may occur. However,
since the electron gun is surrounded with a high-potential
shield as described above, the electric field at the tips of the
protrusions can be relaxed, and the dielectric breakdown due
to discharge can be suppressed.

Each electrode or acceleration electrode of the electron
gun is required to be set to a different potential. In PTL 1, a
multicore bushing referred to as a cable head introduces a
current from the atmosphere into the insulating gas, and a
voltage is applied to each electrode or acceleration electrode
via a wiring in the insulating gas.

CITATION LIST
Patent Literature
PTL 1: JPS52-79758A
SUMMARY OF INVENTION
Technical Problem

However, in the configuration disclosed in PTL 1, there is
a concern that a high-potential wiring may discharge elec-
tricity between the wirings or between insulating gas con-
tainers at the ground potential to cause dielectric breakdown.

Therefore, the invention provides a charged particle beam
apparatus capable of realizing a highly reliable insulating
structure.

Solution to Problem

In order to solve the above problems, a charged particle
beam apparatus according to the invention emits a charged
particle beam from a charged particle beam emission device
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onto a sample, detects a charged particle generated from the
sample, and creates a sample image or processes the sample,
the charged particle beam emission device includes: a
charged particle source and a shield that are arranged in an
interior of a metal housing that is filled with an insulating
gas; and an acceleration electrode arranged below the
charged particle source, and power is supplied to the accel-
eration electrode via the shield.

Also, a charged particle beam apparatus according to the
invention emits a charged particle beam from a charged
particle beam emission device onto a sample, detects a
charged particle generated from the sample, and creates a
sample image or processes the sample, the charged particle
beam emission device includes: a charged particle source
and a shield that are arranged in an interior of a metal
housing that is filled with an insulating gas; and an accel-
eration electrode arranged below the charged particle
source, a potential of the shield is the same as that in any
portion of the charged particle source, and power is supplied
to the acceleration electrode by an accelerating tube power
supply wiring arranged inside the shield.

Advantageous Effects of Invention

According to the invention, it is possible to provide a
charged particle beam apparatus that can realize a highly
reliable insulating structure.

Problems, configurations, and effects other than those
described above are clarified by the following description of
the embodiments.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a vertical cross-sectional view of an electron
beam emission device of Example 1 according to an
example of the invention.

FIG. 2 is an overall configuration diagram of a charged
particle beam apparatus according to an embodiment of the
invention.

FIG. 3 is a vertical cross-sectional view of an electron
beam emission device of Example 2 according to another
example of the invention.

FIG. 4 is a vertical cross-sectional view of an electron
beam emission device of Example 3 according to another
example of the invention.

FIG. 5 is a vertical cross-sectional view of an electron
beam emission device of Example 4 according to another
example of the invention.

FIG. 6 is a vertical cross-sectional view of an electron
beam emission device of Example 5 according to another
example of the invention.

DESCRIPTION OF EMBODIMENTS

Hereinafter, as a charged particle beam apparatus of the
invention, a scanning electron microscope (SEM) that
detects a secondary electron generated from a sample by
emitting primary electron rays onto the sample and two-
dimensionally scanning to form an image is exemplified.
Note that the charged particle beam apparatus of the inven-
tion is not limited to the scanning electron microscope and
includes a transmission electron microscope (TEM), a scan-
ning ion microscope (SIM), a focused ion beam (FIB)
processing device, and the like.

FIG. 2 is an overall configuration diagram of a charged
particle beam apparatus according to an embodiment of the
invention. A scanning electron microscope (SEM) 1 as a
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charged particle beam apparatus according to the present
example includes an electron beam emission device 21 that
emits a primary electron, a focusing lens 22 for focusing the
primary electron emitted from the electron beam emission
device 21 onto a surface of a sample 25 on a sample holding
unit 26, a deflector 23 that deflects a focused primary
electron ray 28 onto the sample 25 in a two-dimensionally
scannable manner, an objective lens 24, and a secondary
electron detector 6 that detects a secondary electron 27 that
is generated from the sample 25 by the emission of the
primary electron ray 28, in a housing 2 that maintains a
vacuum state by an evacuation system (not illustrated).

The scanning electron microscope 1 also includes a
focusing lens control unit 3 that controls a voltage applied to
the focusing lens 22, a deflection control unit 4 that controls
the deflector 23 based on the deflection value of the primary
electron ray 28 supplied as the command value from a
control device 7, and a detection signal processing unit 5 that
creates image data based on a signal from the secondary
electron detector 6. Here, the secondary electron detector 6
is configured with a phosphor that emits light upon collision
with the secondary electron 27 generated from the sample
25, and a photomultiplier tube that converts an optical signal
into an electrical signal and amplifies the electrical signal. In
addition, a semiconductor detector or the like may be used
as the secondary electron detector 6. Also, the detection
signal processing unit 5 includes an amplifier that amplifies
the electric signal from the photomultiplier tube (not illus-
trated), an A/D converter that converts the amplified electric
signal into a digital signal, and an image forming unit that
calculates the brightness of each pixel based on the digital
signal from the A/D converter, a deflection value output
from the deflection control unit 4 to the deflector 23, and a
scanning timing, and creates image data.

Further, the scanning electron microscope 1 includes the
control device 7 that is connected to the focusing lens
control unit 3, the deflection control unit 4, the detection
signal processing unit 5, and an external storage medium 9
via a bus 11, and a display device 8. The external storage
medium 9 can store the image data or pattern shape infor-
mation (such as CAD data) created by the detection signal
processing unit 5.

Hereinafter, as an example of the charged particle beam
apparatus, with respect to details of the electron beam
emission device as the charged particle beam emission
device that configures the electron microscope, examples are
described with reference to the drawings.

Also, an electron gun is described as an example of a
charged particle source, and an electron gun shield is
described as an example of a charged particle source shield.
Also, an electron gun control device is described as an
example of a charged particle source control device.

Example 1

FIG. 1 is a vertical cross-sectional view of an electron
beam emission device of Example 1 according to an
example of the invention.

As illustrated in FIG. 1, the electron beam emission
device 21 is configured with a metal housing 101 filled with
an insulating gas 102, an electron gun 103 and shields 112
arranged inside the metal housing 101, n acceleration elec-
trodes 111-1 to 111-» arranged under the electron gun 103,
insulating materials 112-1 to 112-# that insulate between the
acceleration electrodes, resistors 113 to n that electrically
connect the acceleration electrodes to each other, a multicore
cable 109, and a bushing 108.
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The metal housing 101 may partially use a non-metallic
member, but an inner surface is desirably made of metal or
a conductive material.

The insulating gas 102 includes sulfur hexafluoride, nitro-
gen, carbon dioxide, air, or various compounds containing
carbon and fluorine.

In the electron gun 103 that configures the electron beam
emission device 21, an electron source 104, a suppressor
electrode 105, and an extraction electrode 106 are arranged
in vacuum 107. The n acceleration electrodes 111-1 to 111-7,
the insulating materials 112-1 to 112-# that insulate between
the acceleration electrodes, and the resistors 113 to ns that
electrically connect the acceleration electrodes to each other
are provided under the electron gun 103.

A high voltage is introduced into the metal housing 101
via the multicore cable 109 and the bushing 108 connected
to an external high voltage generation device (not illus-
trated), and power is applied to the electron source 104, the
suppressor electrode 105, and the extraction electrode 106 of
the electron gun 103, and the shield 110 via a wiring in the
insulating gas 102. Here, the shield 110 is made of a
conductive member, for example, a metal material.

The shield 110 is electrically connected to the acceleration
electrode 111-1, and power is supplied to the acceleration
electrode 111-1 via the shield 110.

In the configuration described above, an electron beam
114 can be generated by causing potentials of the above units
to satisfy the electron source 104<the extraction electrode
106<the acceleration electrode 111-1 . . . the acceleration
electrode 111-n.

The inner surface of the shield 110 and/or the metal
housing 101 may be coated with an insulating coating
material. It is desirable that the volume resistivity of the
insulating coating material is 10'> Qcm or more.

In addition, it is desirable to add, to the coating material,
non-linear resistance materials having electric field depen-
dency of a resistivity such as zinc oxide, silicon carbide, and
barium titanate, which can improve insulation reliability due
to the effect of relaxing the electric field when foreign matter
adheres.

The electron microscope is configured by using the elec-
tron beam emission device 21 having the above configura-
tion.

With the above configuration, by using the shield 110 for
power supply from the bushing 108 to the acceleration
electrode 111-1, a dedicated high-potential wiring is not
required, and there is no reduction in the insulation reliabil-
ity due to electric field concentration in the wiring.

Furthermore, the insulation reliability is improved due to
the effect of the insulating coating material, and thus a
highly reliable insulation structure that does not cause
dielectric breakdown can be realized.

As described above, according to the present embodi-
ment, it is possible to provide the charged particle beam
apparatus that can realize a highly reliable insulating struc-
ture.

Further, according to the present example, since a shield
having the same potential as that of the acceleration elec-
trode is provided in the insulating gas space between the
electron gun and the housing, the shield is used for power
supply from the bushing to the acceleration electrode, the
dedicated high-potential wiring is not required, and there is
no reduction in the insulation reliability due to the electric
field concentration in the wiring, and thus a highly reliable
insulating structure that does not cause the dielectric break-
down can be realized.
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Example 2

FIG. 3 is a vertical cross-sectional view of an electron
beam emission device of Example 2 according to another
example of the invention. An electron beam emission device
21a according to the present example includes an electron
gun shield 115 between the shield 110 and the electron gun
103 in addition to the above-described configuration of
Example 1. The other configurations are the same as those
in Example 1 described above, the same components as in
Example 1 are denoted by the same reference numerals, and
the description overlapping with that of Example 1 is
omitted below.

The electron gun shield 115 illustrated in FIG. 3 is
electrically connected to and at the same potential as any
portion of the electron gun 103. In FIG. 3, the configuration
having the same potential as the electron source 104 is
illustrated, but the example is not limited thereto. For
example, the electron gun shield 115 may be electrically
connected to and at the same potential as the suppressor
electrode 105, the extraction electrode 106, or another
electrode included in the electron gun.

Similarly to Example 1 described above, the inner surface
of the shield 110, and the metal housing 101 and/or the
electron gun shield 115 may be coated with an insulating
coating material. The insulating coating material described
in Example 1 described above may be applied.

An electron microscope is configured by using the elec-
tron beam emission device 21a of the above configuration.

With the above configuration, by providing the electron
gun shield 115 having the same potential as any portion of
the electron gun 103 between the shield 110 and the electron
gun 103 having the same potential as the acceleration
electrode 111-1, there is no reduction in the insulation
reliability due to the electric field concentration in the wiring
or the terminal, and thus it is possible to realize a highly
reliable insulating structure that does not cause the dielectric
breakdown between the electron gun and the shield having
the same potential as the acceleration electrode.

According to the present example, in addition to the effect
of Example 1, by providing a shield having the same
potential as any portion of the electron gun between the
shield having the same potential as the acceleration elec-
trode and the electron gun, there is no reduction in the
insulation reliability due to the electric field concentration in
the wiring or the terminal. Therefore, it is possible to provide
a charged particle beam apparatus that can realize a highly
reliable insulating structure that does not cause the dielectric
breakdown between the electron gun and the shield having
the same potential as the acceleration electrode.

Example 3

FIG. 4 is a vertical cross-sectional view of an electron
beam emission device of Example 3 according to another
example of the invention. An electron beam emission device
2156 according to the present example is different from
Example 1 in that the plurality of bushings 108 and the
plurality of multicore cables 109 are provided. The other
configurations are the same as those of Example 1 described
above, the same components as in Example 1 are denoted by
the same reference numerals, and the description overlap-
ping with that of Example 1 is omitted below.

As illustrated in FIG. 4, the electron beam emission
device 215 includes the bushing 108-1, the multicore cable
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6
109-1, the bushing 108-2, and the multicore cable 109-2 in
the electron beam emission device 21 of Example 1
described above.

In FIG. 4, the bushing 108-1 and the multicore cable
109-1 are arranged on the opposite side of the bushing 108-2
and the multicore cable 109-2 with respect to the central
axis. In other words, the bushing 108-1 and the multicore
cable 109-1 are arranged to face the bushing 108-2 and the
multicore cable 109-2. Note that the arrangement of the
bushing 108-1, the multicore cable 109-1, the bushing
108-2, and the multicore cable 109-2 is not limited thereto.
For example, the bushing 108-1, the multicore cable 109-1,
the bushing 108-2, and the multicore cable 109-2 may be
arranged above the metal housing 101.

Note that, in FIG. 4, in the electron beam emission device
21 of Example 1, the configuration including the bushing
108-1, the multicore cable 109-1, the bushing 108-2, and the
multicore cable 109-2 is described, but the example is not
limited thereto. The electron beam emission device 21a of
Example 2 may include the bushing 108-1, the multicore
cable 109-1, the bushing 108-2, and the multicore cable
109-2.

An electron microscope is configured by using the elec-
tron beam emission device 215 having the above configu-
ration.

With the above configuration, a highly reliable insulating
structure can be realized similarly to Examples 1 and 2, and
also a more highly reliable insulating structure can be
realized, since the multicore cable 109 having a smaller
number of cores and the bushing 108 can be used, and a
wiring having a high potential can be arranged with a
sufficient distance.

According to the present example, in addition to the
effects of Examples 1 and 2, since a multicore cable having
a smaller number of cores and a bushing can be used, and the
wiring having a high potential can be arranged with a
sufficient distance, it is possible to provide a charged particle
beam apparatus that can realize a more highly reliable
insulating structure.

Example 4

FIG. 5 is a vertical cross-sectional view of an electron
beam emission device of Example 4 according to another
example of the invention. An electron beam emission device
21c¢ according to the present example is different from
Example 1 in that a control wiring 117, a current introduc-
tion terminal 116, and an electron gun control device 118 are
provided. The other configurations are the same as those of
Example 1 described above, the same components as in
Example 1 are denoted by the same reference numerals, and
the description overlapping with that of Example 1 is
omitted below.

As illustrated in FIG. 5, the electron beam emission
device 21c¢ further includes the control wiring 117, the
current introduction terminal 116, and the electron gun
control device 118 in the electron beam emission device 21
of Example 1 described above. Note that it is preferable to
include one or more control wirings 117 and one or more
current introduction terminals 116. The control wiring 117
may be an electric wire or may be an optical cable.

The control wiring 117 is connected to the electron gun
control device 118 via an opening provided in the shield 110
and transmits a signal for controlling an ON/OFF state or the
like of a voltage and/or a current of the electron gun 103.

Note that, in FIG. 4, in the electron beam emission device
21 of Example 1, the configuration including the control
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wiring 117, the current introduction terminal 116, and the
electron gun control device 118 is provided, but the example
is not limited thereto. For example, in the electron beam
emission device 21a of Example 2 or the electron beam
emission device 215 of Example 3, the control wiring 117,
the current introduction terminal 116, and the electron gun
control device 118 may be further provided.

An electron microscope is configured by using the elec-
tron beam emission device 21¢ having the above configu-
ration.

With the above configuration, a highly reliable insulating
structure can be realized similarly to Examples 1, 2, and 3,
and also it is possible to realize the control of an ON/OFF
state or the like of a voltage and/or a current of the electron
gun 103.

Example 5

FIG. 6 is a vertical cross-sectional view of an electron
beam emission device of Example 5 according to another
example of the invention. The electron beam emission
device 21d according to the present example is different
from Example 1 in that a potential of the shield 110 is not
the same as the potential of the acceleration electrode 111-1,
but the potential of the shield 110 is the same potential as any
potential of the electron gun 113. The other configurations
are the same as those of Example 1 described above, the
same components as in Example 1 are denoted by the same
reference numerals, and the description overlapping with
that of Example 1 is omitted below.

As illustrated in FIG. 6, in the electron beam emission
device 21d according to the present example, since the
potential of the shield 110 is not the same potential as the
acceleration electrode 111-1 but any potential of the electron
gun 113, the shield 110 is not electrically connected to the
acceleration electrode 111-1 but is electrically connected to
any of the electron gun 113.

The power is supplied to the acceleration electrode 111-1
by an accelerating tube power supply wiring 119 arranged
inside the shield 110 via the multicore cable 109 and the
bushing 108.

The accelerating tube power supply wiring 119 is insu-
lated by having a sufficient distance from the shield 110 or
arranging an insulating material. The accelerating tube
power supply wiring 119 may be provided through the inside
of the vacuum 107.

Note that, as illustrated in FIG. 5, since the potential of the
shield 110 is not the same potential of the acceleration
electrode 111-1 but any potential of the electron gun 113, the
configuration in which the shield 110 is not electrically
connected to the acceleration electrode 111-1 but is electri-
cally connected to any of the electron gun 113 and the
configuration in which power is supplied to the acceleration
electrode 111-1 by the accelerating tube power supply
wiring 119 can be applied to the electron beam emission
device 21a of Example 2, the electron beam emission device
215 of Example 3, and the electron beam emission device
21c of Example 4.

An electron microscope is configured by using the elec-
tron beam emission device 214 having the above configu-
ration.

With the above configuration, it is possible to realize a
highly reliable insulating structure similarly to Examples 2,
3, or 4.

According to the present example, it is possible to provide
a charged particle beam apparatus that can realize a highly
reliable insulating structure similarly to Examples 2 to 4.
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Note that the invention is not limited to the above
examples but includes various modifications. For example,
the examples described above have been described in detail
for better understanding of the invention and are not nec-
essarily limited to those having all the described configu-
rations. Also, a portion of the configuration of one example
can be replaced with the configuration of another example,
and also the configuration of another example can be added
to the configuration of one example.

REFERENCE SIGNS LIST

: charged particle beam apparatus
: housing

: focusing lens control unit

: deflection control unit

: detection signal processing unit
: secondary electron detector

: control device

: display device

: external storage medium

10: recipe creation unit

12: image memory

21, 21a, 215, 21c¢, 21d: electron beam emission device
: focusing lens

: deflector

: objective lens

: sample

: sample holding unit

: write address control unit

: read address control unit

: display control unit

: metal housing

: insulating gas

: electron gun

: electron source

: suppressor electrode

106: extraction electrode

107: vacuum

108: bushing

109: multicore cable

110: shield

111: acceleration electrode

112: insulation body

113: resistor

114: electron beam

115: electron gun shield

116: current introduction terminal
117: control wiring

118: electron gun control device
119: accelerating tube power supply wiring

N=R--EE BT I VSR S

The invention claimed is:

1. A charged particle beam apparatus that emits a charged
particle beam from a charged particle beam emission device
onto a sample, detects a charged particle generated from the
sample, and creates a sample image or processes the sample,
the charged particle beam emission device comprising:

a charged particle source and a shield that are arranged in
an interior of a metal housing that is filled with an
insulating gas; and

an acceleration electrode arranged below the charged
particle source, wherein

power is supplied to the acceleration electrode via the
shield.

2. The charged particle beam apparatus according to claim

1, comprising
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a charged particle source shield having the same potential
as any portion of the charged particle source in an
insulating gas space between the shield and the charged
particle source.

3. The charged particle beam apparatus according to claim

1, comprising:

a first multicore cable and a first bushing; and

a second multicore cable and a second bushing, wherein

the first multicore cable and the first bushing are arranged
at positions different from the second multicore cable
and the second bushing, power is supplied to the
acceleration electrode via the first multicore cable and
the first bushing, and electrical connection to any
portion of the charged particle source is made via the
second multicore cable and the second bushing.

4. The charged particle beam apparatus according to claim

1, comprising:

one or more control wirings and a current introduction
terminal; and

a charged particle source control device that is connected
to the control wiring via an opening provided in the
shield, wherein

the charged particle source control device controls an
ON/OFF state of a voltage and/or a current of the
charged particle source.

5. The charged particle beam apparatus according to claim

1, wherein an inner surface of the shield and/or the metal
housing is coated to have an insulating property.

6. The charged particle beam apparatus according to claim

2, wherein an inner surface of at least of the shield, the metal
housing, and the charged particle source shield is coated to
have an insulating property.

7. The charged particle beam apparatus according to claim

3, wherein an inner surface of the shield and/or the metal
housing is coated to have an insulating property.

8. The charged particle beam apparatus according to claim

4, wherein an inner surface of the shield and/or the metal
housing is coated to have an insulating property.

9. The charged particle beam apparatus according to claim

2, comprising:

a first multicore cable and a first bushing; and

a second multicore cable and a second bushing, wherein

the first multicore cable and the first bushing are arranged
at positions different from the second multicore cable

15

20

30

35

40

10

and the second bushing, power is supplied to the
acceleration electrode via the first multicore cable and
the first bushing, and electrical connection to any
portion of the charged particle source is made via the
second multicore cable and the second bushing.

10. The charged particle beam apparatus according to
claim 2, comprising:

one or more control wirings and a current introduction
terminal; and

a charged particle source control device that is connected
to the control wiring via an opening provided in the
shield, wherein

the charged particle source control device controls an
ON/OFF state of a voltage and/or a current of the
charged particle source.

11. The charged particle beam apparatus according to

claim 3, comprising:

one or more control wirings and a current introduction
terminal; and

a charged particle source control device that is connected
to the control wiring via an opening provided in the
shield, wherein

the charged particle source control device controls an
ON/OFF state of a voltage and/or a current of the
charged particle source.

12. A charged particle beam apparatus that emits a
charged particle beam from a charged particle beam emis-
sion device onto a sample, detects a charged particle gen-
erated from the sample, and creates a sample image or
processes the sample, the charged particle beam emission
device comprising:

a charged particle source and a shield that are arranged in
an interior of a metal housing that is filled with an
insulating gas; and

an acceleration electrode arranged below the charged
particle source, wherein

a potential of the shield is the same as that in any portion
of the charged particle source, and

power is supplied to the acceleration electrode by an
accelerating tube power supply wiring arranged inside
the shield.



